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Art Unit 1 1 12 

(1) Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-16, drawn to a method of depositing . | ayer with an intrinsic stress 
level in a substrate from Si.O and halogen containing source gas in a plasma, 
classified in class 427, subclass 579. 
n. Claim 17, drawn to an integrated circuit with an insulating layer of 

fluorosilicate glass (FSG) with a stress level, classified in class 428 or 257, 
subclass 426+ or 506, respectively. 
HI. Claims 18-2! are. drawn to a plasma apparatus with a controller for the gaS 
delivery system, classified in class 118. subclass 697 or 7231. 
(2) The inventions are distinct, each from the other because: 

Inventions group I and group II are related as process and apparatus for its pract.ce 
The inventions are distinct if it can be shown that either. (1) the process as claimed can be 
practiced by another materially different apparatus or by hand, or (2) the apparatus as Cmed 
can be used to practice another and materially different process. (MPEP § 806.05(e)). In this 
case the panicuiar gas used is no, apart of the apparatus and specific instruction in a memory 
are method limitations that do not further lim.t the structure of the apparatus, hence different 
deposition gases may be used in the apparatus. 

(4) ta-ta. 8 ,oup , 8 „ up „ „ „,.„„ . pro(ess ^ mjl . ns ^ p[oduc( ^ 
Th, m <«„„ ilMa „ „ oA a ^ fo||<iwin8 ^ ^ ^ ^ ^ ^ 

P»c« ss . c,. imtd «_ „« ^ „ „„„ „,„„ ^ mjti , >||y ^ ^ ^ ^ ^ ^ 
product „ claims c„ „. Bldt by ^ „„ ^ ^ 
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§ 806.05(0). In the instant case the insulating layer of FSG may be deposited via different 
plasma apparatus than the RF inductively coupled plasma process claimed, such as 
muhifrequency plasmas, and may be used in products other thai, integrated circuits. 
(5) Inventions group III a„d group II are related as apparatus and product made. The 
inventions in this relationship are distinct if either or both of the following can be shown: (1) 
that the apparatus as claimed is no, an obv ious apparatus fof makmg ^ ^ ^ ^ 
apparatus can be used for making a different product or (2) that the product as c.aimed can be 
made by another and materiaHy different apparatus (MPEP § 806.05(g)). l„ this case the 
product may be made in different apparatus as associated with the Afferent processes 
discussed above, and the apparatus may be used to deposit .ayers of different materia,, 
(6) Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as shown by the.r different classifications, the. divergent sublet 
matter and the, different required searches, restriction for exam.nanon purposes as md.cated 
is proper. 

(?) During a telephone conversation w Ith Willi-, Shaffer on 1/7 and 9/96 a provisionaj 
lection was made with traverse to prosecute the invention of group I method, claims ,-,6 
Affirmation of this election must be made by applicant in responding to this Office action. 
Cl«m, .7-2, are withdrawn from further considerate by the examiner, 37 CFR 1,420). as 
being drawn to a non-elected invention. 

<») A PP , ic », , s „ min ^ „,„ taiit(|la ^ d>ims b a ^ ^ _ ^ 

*. —Chip muS1 bt „ ^ „ ^ |f ^ ^ ^ ^ 
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currently named inventors is no longer an inventor of at least one claim remaining in the 
application. Any amendment of inventorship must be accompanied by a diligently-filed 
petition under 37 CFR 1.48(b) and by the fee required under 37 CFR 1.17(h). 
(9) Claims 1-16 are rejected under 35 U.S.C. 1 12. second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

In claims I, 8 and 1 1, in the preambles "the steps of lacks proper antecedent basis 
because applicants are introducing njw steps, hence "the" should be. deleted. 

Use of abbreviations, such as TEFS or TEOS or HDP CVD, without first writing the 
limitation out in full, is improper in claim language. 

In claim 8, when step(e) is preformed is not stated,hence cjjj b_g after all of the 
plurality of substrates are coated, so there are none left to follow for step (f). In both lines 8 
and 12 "a halogen-doped silicon oxide film" either needs to use an article showing antecedent 
basis or needs differentiation. Likewise^ "a subsequently processed substrate" m line 13. 

Use of relative terms is vague and indefinite if they lack clear metes and bounds See 
"too h _ igh" and "too low" in lines 7 and II, respectively. If the "H" in HDP stands for high, 
it too will be relative. 

In claim 16. line 2 "a rate" uses the incorrect article for an already introduced term. 
Also, the basis for calculating the percentages needs to be defined since vol. or weight or 
moles will give different values. Number of F in a molecule may also be significant, as will 

the specific sources reactivity. 
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10. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form 
the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in a patent granted on an application for patent by another Died in the 

another «*o has fulfilled the requirements of paragraphs (.), (2), and (4) of section 371(c) ofElT 
before the invention thereof by the applicant for patent 

The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(o) A patent may no. be obtained (hough the invention is not identically disclosed or described as set f nrth ■ 

(1 1) Claims 1-7 and 9 are rejected under 35 U.S.C. 102(e) as being clearly anticipated by 
Musaka et al. See Abstract; Fig 3-6 for plasma apparatus: Fig. 10 <[F] in atomic % VS C 2 F 3 
flow (10CM)); Fig. „ ([F ) in atomic % VS. d .electric constant) with values from 3.2-4.2; 
Fig. 13 (stress vs. Cl F a flow in SCCM) ranging from about -1.25x10 s Dyne/cm> to about 
.5x10' dyne/cm'; col. 4, lines 54-68 for use of TEOS and fluorine sources including CF 4 , 
C 2 F 6 , CHF„ F„ etc. for the plasma and some ratio relationships; col. 6, lines 15-45; col. 7, 
I.ne 46-65; col. 8, lines 20- col. 9. lines 37 for various examples and relationships, esp. col 8, 
lines 58 to 65; col. 9. lines 7-1 , and followng discussion of the graphs. Note tha, the graphs 
are data bases of previously deposited films. 

(12) Claims 8 is rejected under 35 U.S.C. .03(a) as being unpatentable over Musaka et al. 

Musaka et al do not discuss using their technique in an assembly line (ie. repeated like 
treatments of successive substrates), nor their data to adjust parameters ,n that assembly line. 
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however it would have been obvious to one of ordinary skill in the art that to use Musaka et 
a.'s process industrial that the deposition, le steps a-c, would be repeated* preformed and 

,hat ZXZw volve qua% contro1 procedUfes 10 ensure ,hat - *** 

propert.es. which are stress and dielectric constant for Musaka et al. Therefore, it would have 
been further obvious t0 measure intrinsic stress of the product of the assembly line as a check 
on the deposits, and to adjust the flow rate of the halogen gas according to previous 
measurements as illustrated in Fig. .3, because th.s wou,d have been the .ogica. way to 
correct deviations, g.ven Musaka et al's data. ^ fc^ f^^WW, « rv>f W 
© Clams I0-.6 are rejected under 35 U.S.C. 103(a) as being unpatentable over Musaka 
e- a. as appl.ed to claims ,.,5 above, and further in view of Wishiyama et al. 

Musaka et a. teaches use of a variety of plasma apparatus, exemplified by parallel 
Plate RF reactor a microwave EC* plasma reactor (Fibres 3-6), but does not teach the type 
*« applies RF power to a coil, nor the plasma densit.es of those emp.oyed. N.sh.yama et al 
Wh o teaches RF para.le, plate plasmas for .alogous demons (Fig. l4 , 6 Md 2 , 

and Examples ,. 3, 6 and ., that produce fluortnated s„ica depose, also teaches a plasma 
CVD apparatus with an RF antenna (ie coil) mat produces a plasma dens,* of 3.5 x ,, W 
used for like depos.tions (Fig. „.„ and Ex. 7 on col. ,3-14). Where TEOS ♦ 0 J+NFj are 
S iven as a specific example and CF,C : F.F Sl (0C 2 H $ ) 3 , F,Si(0C,H,), are taught as alternate 
to the nitrogen fluoride. It would have been obvious to one of ordinary skl l. ln the m mat 
N.sh.yama, higl/dens,* p.asma apparatus that uses an RF antenna and that produces SiO 
floated f„ms w.th !ow d ie .ec,ric constants would have been expected to produce 
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analogy ,„„ !tress vlluti „ in Muala „ ^ ^ ^ tjiperimentaiicn ^ 
«=n,p,i fi e d by M „ Musall h „ e ^ ^ ^ ^ ^ 

P»,cu.» ,»*. chsmb „ „ d eas ^ , o ^ fc ^ itye| ^ ^ 
basis 6, de.e,™*,, ft . eWnsd flow ^ b>ve Mj ^ ^ ^ ^ 



i^iiniyama ct a! o 

Musafc .ppea, „ dlseuss ^ ftei[ m ^ ^ ^ ^ ^ ^ 

Vmmlly low, ,„ wsy (i , toJ^J „ 

many uses in the semieonW and ele«„nic, i„ dusl0 ,. 



C— , ~ veines „ slreis f „ F . tominins Si0i dw!ijs ^ ^ ^ 

°.»«r CVD deposits „ „„„„ ^ 2 „ |0 . dyn/cm , (see Homm> s 2ts ^ ^ ^ ^ 

42-45) being exemplary. 

C5? th. , s objea . d , 0 b _ st „ m fonowing infomaiife 

•PpKcan,, - „ us , kl ^ ^ ^ fc ^ ih>t ^ ^ ^ 

*— » be ne^, bul dom „ „ d „ „ ^ ^ ^ ^ 
- „ o„o,„. „ ,, cre , Wy broidjump ^ ^ K ^ ^ 

— ™* 6 oi„ 8 fram «, , ,„ ^ , o „ dyne/(m , ^ h ^ ^ ^ ^ 

' S ,s 00s ' •'■O » »l. TO, bwl sees NO 

enafclemem for His i„ d,e speeifieaiien. 
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Appropriate correction is required. 
(16). Cheb, et al .s cued for ,ts feachmesa'n various parameter although they do not diTcuss 
the use of F in the reactants. 



(17) Any inquiry concerning this. communication should be directed to M. L. Padgett 
telephone number (703 ) 308-2336 and fax no. (703) 305-3600. 



at 




M. Padgett/vr 
10-02-97 



MARIANNE PADGETT 
PRIMARY EXAMINER 
GROUP 1100 

m 
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\ - ^ WHAT IS ri AJKAvri re. 

1 u/l^' 1 1- In a processing chamber, a method of depositing a Jayer Of^ 

My^tj, 2 a i!f detefmined inBtoic stress ^el over a substrate, said memodjr^diruA 

4 (a) distributing a halogen source to said processing chamber at a 

5 selected rate, said selected rate being chosen according to said predetermined stress 

6 level; 

7 (b) introducing a process gas comprising silicon, oxygen and said 

8 halogen source into said chamber; and 1 

9 (c) forming a plasma from said process gas to deposit said layer 
10 having said predetermined intrinsic stress level over said substrate. 

a* «* S **<@ 1 2. The method of claim 1 wherein said predetermined stress level 

2 is a compressive stress level. 

1 3 ' ™« method of claim 2 wherein said halogen source comprises 

2 a fluorine source. 

fa) ^ ! 4 ' ^ mCUl0d 0f daim 3 Wherein said fluor ine source is selected 

[fj> - 2 from the group of: CF„ C 2 F tf , SiF 4 and TEFS: 

2 y ' 

f '}^ jr 5. The method of claim 4 wherein said silicon 2 



7* - 



1 source comprises 

2 TEOS. 



6. The method of claim 5 wherein said predetermined intrinsic 
• 1 * 2 stress level is between about -1 .0*10-* dynes/cm* and -0:5x10' dynes/cm*. 

t 

(pP)~ 1 7v ^ «ne«nod of claim 6 wherein a dielectric constant of said 

v — s 2 layer is between about 3.8 to 4.1. 

(J0'' 1 *■ ^ eme ^ ofcIa ™3formercomprismgft5)stepsof: 
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25 

2 (d) repeatedly performing steps ( a ) through (c) to deposit a 

3 halogen-doped silicon oxide film on a plurality substrates; 

„ VlAl < •• meaSUriD8 intrinsicstr « s ^^ deposited halogen-doped 

<5> : i ° Xide f,lm ° D 68011 ° f said pluralf,y of substrates -- ^ 



^ , ( ° ' fMid ^«»essofsaid deposited halogen-doped silicon 

ox.de films is too high, increasing said selected rate at which said halogen source is 
mtroduced during deposition of a halogen-doped silicon oxide film over a 
subsequently processed substrate to lower the intrinsic stress of said subsequently 
deposited halogen-doped silicon oxide film, and if said intrinsic stress of said 
deposued halogen-doped silicon oxide film, is too low. decreasing said selected rate 
at whtch said halogen source is introduced during deposition of a halogen^oped 
sihcon oxide film over a subsequently processed substrate to increase the intrinsic 
stress of said subsequently deposited halogen-doped silicon oxide film 



S 
9 
10 
11 
12 
13 
14 



1 9. lie method of claim 3 wherein said selected rate is 

determined from a database of measured intrinsic stress fcvcls of previously 

dftnncitori film* 3 



deposited films 



! ^ , 10 : ^ claim 1 wherein said processing chamber 

' M " ^ ' \ wtaprises an^HDI^ CVD chamber and said plasma is formed by application of RF 
3 power to a coil. 

y . \C "* Inapt ^ Sin6chambersurrounded «'ca«iiipanby a coiled 

, C 2 \ ^.amethod of deposing an insulating Uyer having a predetermined intrinsic 

T\i& 3v - stress level over a — a. ««*«»ic 



8 



3v stress .evel over a semiconductor substrate positioned in said chamber, said method 

4/ including the steps of: , , 

. (a) distributing a C flu 0 ^.comaining source to said processing 

6 chamber at a selected rate, said selected rate being chosen according to said 

/ predetermined stress level; 

o flu • . W ^ UC ^ ap ^ SS 8-^^smcon.oxygenandsaid 

9 fluonne^ontanung source into said chamber (from a gas distribution matuW and 

1U (c) annlvin- DC * ^ 



^f^^ n - A , (C> ***** W P0WCr 10 said coiled ^tenna to fonn *n 



urtuctively coupled plasm a having ion ^ of . ^ ltfI ^ ^ ^ 
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12 process gas thereby depositing a fluorosilicate glass (FSG) film of said 

13 predetermined stress level over said substrate. 



1 12. The method of claim 1 1 wherein said fluorine source is 

2 selected from the group of: CF„ QF 6 , SiF, and TEFS. 



2 TEOS. 



13. The method of claim 12 wherein said silicon 



source comprises 



1 14. The method of claim 13 wherein said imrinsie stress level is 

2 between about -1.0x10* dynes/cm 1 and -O.5xl0» dynes/cm 2 . 

1 15. The method of claim 14 wherein said fluorine source is 

2 introduced at a rate that is 20% or less of total gas flow mto said chamber. 

1 16. The method of claim 15 wherein said fluorine source is CF 

2 and is introduced at a rate that is 10% or less of the total gas flow into said 

3 chamber. 



! 17. An integrated circuit having an insulating layer formed by the 

, 2 process of claim 12. 



18. A substrate processing system comprising: 

a housing for forming a vacuum chamber; 

a substrate holder, located within said housing, for holding ; 



1 
2 
3 

4 substrate; 

V a gas delivery system configured to introduce a process gas into said 

6 vacuum chamber; 

1 a plasma generation system configured to form a plasma from said 

8 process gas; 

> a controller for controlling said gas delivery system and said p^ma 

io generation system; and . 
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f . 1 1 a merno O' coupled to said controller comprising a computer readable 

\§\ ^ 12 medium havil * a com P uter ««UMe program embodied therein for directing 

operation of said substrate processing system, said computer readable program 
comprising: 

a first set of instructions for controlling said gas delivery 
system to introduce a process gas comprising silicon, oxygen, and a 
halogen source into said gas mixing area: and 

a second set of instructions for controlling said plasma 
generation system to form a plasma from said gases by said first set 
of instructions to deposit a layer over said substrate; 
whereby said first set of instructions connols said gas delivery system 
to introduce said halogen source into said gas mixing area at a selected rate so that 
23 said deposited layer has a predetermined intrinsic stress level, 

1 19. The substrate processing system of claim 18 wherein said 

2 plasma generation system comprises an inductive coil coupled to an RF power 

supply, said inductive coil at least partially surrounding said vacuum chamber; and 

wherein said plasma formed by said plasma generation system has an 
\ 5 ion density of at least 10 u ions/cm 3 . 



13 

/ 14 
15 
16 
17 
16 
19 
20 
21 
22 



\:\ ■ \ 3 

: ' A/^ \ 4 



/ ,.c. ^ 2 °' Substrate p[oeKsit « vaem of claim 19 wherein said first 



Stf/''*" , >m" f , / " ~~~ " " ucuvei y 9»™ «> introduce a fluorine source as 

!.o> J , 3/ Said halnopn 



>^?r 2 ° f inStmCti0M COntrols S8id ^ ddiv «y 9«m » mtroduce a fluorine 



said halogen source into said gas mixing area at a selected rate so that said 



/ 4 deposittd 1,34 '^P^siveUess level of between -1.0 to -05x10* 
^ * / 5 dynes/cm 2 . ^ 



*r" " 2L 1116 processing system of claim 20 wherein said first 

\ ^tvi * ] chamber at a rate that is about 20% or less of the total gas fW&o said 

J .. ^ r "~ ft 4 chamber. ~ - ! 

lM' ,6*' ' A* 
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FIG. 2. 
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